














































encountered and suggests a high mortality of not lost through drift. 

Fry collecting nets were operated for five-day periods in 1971 and 1972. 

The dates selected were based on time of peak spawning activity in the river 

and cm the development of walleye eggs in a fish hatchery immediately upstream 

which used the river for its water supply. Walleye fry weEe collected both 

years. In each year, the catch rate coincided with the rate of walleye hatching 

in the hatchery. Investigation of the hatchery discharge pipe in 1971 

conf i:rmed that walleye fry were escaping into the river at a significant rate. 

Large numbers of fry were released at one time in 1971 1972 when the 

hatchery was flushed and then shut down. The nets were operated through the 

necessary for the fry to pass downstream and numerous fry were collected. 

In both years the.nets were operated following hatchery shutdown when no .fry 

were being discharged. Based on spawning dates and water temperatures 9 a 

natural hatch should still have been taking place. No walleye fry were taken 

in the period after hatchery shutdown. 

Of the physical factors affecting spawning success, turbidity and temperature 

were the least signif 1cant. The river bottom below the hydro-electric dam is 

stable, at least through that portion where the spawning riffles are located 

and the water was clear. The most important limiting factor appeared to be 

current speed. A high rate of egg drift was associated with spawning and a 

very small percentage of eggs were actually deposited on suitable substrate. 

It was apparent that temperature was not a limiting factor since walleye eggs 

were successfully incubated in the hatchery upstream in each of the three years 

considered. 

A high mortality of eggs not lost through drift was noted. The heavy 

growth of periphyton which developed on the riffle areas during incubation 

probably impaired egg metabolism. The river has received the effluent discharge 
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from the City of Bemidji sewage treatment plant upstream since 1956 and the 

t.ncreetBad nutriont load haa almost certainly contributed to algal and poriphyton 

growth. 

Distribution and Movement 

Walleye from Cass Lake contributed to all three river spawning migrations 

marked, and the source of fish comprising the runs included two or more lakes 

in all cases. Returns of walleye tagged at Big Lake Creek in 1971 indicated 

that fish from Andrusia and Cass lakes made up most of the run (Table 8). This 

was supported by recaptures of fish tagged from smnmer trawl catches in the 

Bi.g Lnke Creek spawning run in subsequent years.. Of 17 summer-tagged walleye, 

13 (76%) were from Andrusia Lake and 3 (18%) were from Cass Lake. These values 

are similar to the proportion of spawning fish recaptured in the respective 

lakes (64 and 21%). 

Table 8. Location of walleyes caught by angling that were tagged in stream 
spawning runs, expressed as a percentage of recaptures by sex, Upper 
Mississippi reservoir lakes, 1971-75. 

T a s B i n S L o c a t i o n s 
Bis J~ake Creek Turtle River MississieEi River 
Male Female Male Female Male Female 

Total tagged 1112 321 1125 . 450 536 125 

Number recaptured 465 80 433 82 226 53 

Location recaEtured 
Cass Lake 19.4 28$8 51.0 68.3 14.6 22.6 
Andrusia Lake 66.0 52.5 1. 2 2. 4 16.8 9.4 
Big Wolf Lake 3.9 6.2 0.5 0.1 57.1 50.9 
Pike Bay 0 1. 2 0.7 3 .. 7 1. 3 7.5 
Kitchi Lake o.4 1. 2 22.6 8.5 0 0 
Mississippi River 4.5 0.5 0.2 o.o 9.3 9.4 
Turtle River 0.9 0 17.1 9.8 0 0 
Other 4.9 9.6 6 .. 7 7.2 0.9 0.2 
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Returns of tagged fish indicated that the main source of the Turtle River 

run was Cass Lake. During the 1972 angling season, 158 of 287 tag returns (55.0%) 

were reported from there and 57 (19.9%) from the lower portion of the Turtle 

River just above Cass Lake. Nearly all of the marked fish caught in the river 

were taken early in the season and had already migrated downstream through two 

lake~ so it can probably be assumed that these were also Cass Lake fish. Most 

of the remaining tagged fish (54) were reported from Kitchi Lake, the second 

lake downstream from the tagging site. 

Tag returns from walleye tagged in the Mississippi River two to five miles 

upstream from Wolf Lake indicated that Wolf Lake was the primary source of fish 

f~r the run. Of 279 tag returns, 55.9% were from Wolf Lake, 15.4% from Andrusia 

Lake, and 16.1% from Cass Lake. Observations during the 1930's support these 

data.1/ Walleye trapped in spawning runs between Cass and Andrusia lakes were 

frequently too "green" for stripping, while those above Big Wolf Lake were 

"ripe". Walleye were caught above Big Wolf Lake that showed "crib wear", probably 

from being trapped previously and held between Andrusia and Cass lakes before 

being released as too "green". 

A small proportion of the tagged fish, as indicated by angler tag returns, 

from Big Lake Creek and Turtle River continued upstream after release. Nineteen 

of 545 tag returns (3.5%) were from fish caught in Big Lake, which is upstream 

from the Big Lake Creek tagging site. Seventeen of 515 (3.3%) tagged fish 

reported were taken upstream from the Turtle River tagging site at Big Rice, 

Pimush, and Turtle River lakes. Male fish made up 84% of the upstream migrants 

in Big Lake Creek and 88% in the Turtle River. The percentage of males tagged 

in the respective runs was 78 and 71%. This suggests a slightly greater tendency 

for continued upstream movement by males, but numbers of upstream migrants were 

too small to detect statistically significant differences. Ten marked males from 
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the Turtle River spawning run were caught in Winnibigoshish Lake~ which is 

downstream from Cass Lake via the Mississippi River. 

A higher percentage of females than males tagged in the three spawning 

runs were caught in Cass Lake (Table 8) while the percentage of males was 

consistently higher than females in the first lake downstream from each run. 

This is probably the result of the greater vulnerability of males to angling 

immediately after spawning. 

Tag returns from trawl-captured walleye tended to support data from the 

spawning runs. There was some interchange of fish between lakes but most were 

recaptured in the same lake where they were tagged (Table 9). No specific 

pattern of movement was evident for fish that were caught in other lakes. More 

than 70% of tagged fish caught were reported from the lake in which they were 

tagged. The lowest incidence of movement was noted for fish tagged in Big 

Wolf Lake and differed significantly from fish tagged in Cass and Andrusia lakes 

2 
(X, P<0.005). The difference between Cass and Andrusia was not significant 

(X2, P)' 0.10). 

Table 9. Angling recaptures of walleye captured by trawl that were tagged and 
caught in the same lake, Upper Mississippi reservoir lakes, 1971 ... 75., 

% caught in 
Number Ntnnber same lake and 

Lake Tagged Caught 95% C.L .. 

Cass 1936 303 75.9 ± 4.8 

Andrusia 689 125 70.4 ± 8.0 

Big Wolf 540 163 87.7 ± 5.2 
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Cass Lake was the only lake large enough to warrant an analysis of movement 

within the lake. For all years combined the total number of tagged fish caught 

in Cass Lake with known capture location was 236 fish. Of these, only 52 (22%) 

were caught in the same area where tagged while 184 (78%) were caught in an 

area other than where tagged. This in contrast to the observations reported 

from Lake (Schupp, 1972) where most recaptures () 60%) were taken from the 

area where they were originally tagged. 

Trawl-tagged walleye were mainly immature, but the catch did include mature 

age-classes. No difference in movement between immature and mature fish could 

be detected outside of the spawning season. 

Annual Mortality 

Estimates of annual mortality calculated from independent sources of data 

were in good agreement (Table 10) and were similar for all ages older than 

young-of-the-year. The mean of these estimates (0.59) is higher than observed 

in other Minnesota sport fisheries, but is similar to estimates for walleye 

populations exploited by combined sport and commercial fisheries (Heyerdahl and 

Smith, 1971; Smith and Pycha, 1962). Estimates of total mortality for mature 

fish tagged in spawning runs suggested that males survive at a lower rate than 

females. The annual mortality estimates for males was higher than that of 

females in two of the three spawning runs trapped. 

Rate of Exploitation 

The exploitation rates presented in Table 10 are minimum rates based on 

voluntary tag returns. Attempts to estimate the true percentage of tagged fish 

caught through tallied fish in the creel census and by the method of Youngs (1963) 

gave unreasonable results. Estimates of recaptures based on Youngs• method 

resulted in estimates of exploitation that exceeded total mortality. Too few 



tagged fish were observed during the creel census to provide reliable data and 

resulted in an estimated tag return of more than 100%. 

Table 10. Annual mortality and minimum rates of exploitation for walleye in 
Upper Mississippi reservoir lakes, 1971-75. 

Age Annual Minimum rate 
Type of estimate Sex classes mortality of expl©1tation 

Catch curve 
Angling IV-VI o.632 
Gill net III-V o.ss3 
Trawl I-IV 0.597 

Voluntari tag returns 
1971 trawl II-IV o.556 o. 268 
1972 trawl II-IV 0.686 o. 270 
1973 trawl II-IV 0.515 0.199 
Big Lake Creek Male v+ o,.573 o. 238 

(spawning run) Female VI+ o. 465 0.114 
Turtle River Male v+ o. 627 o. 238 

(spawning run) Female VI+ o.645 0.114 
Mississippi River Male v+ o.1oa 0.303 

(spawning run) Female VI+ 0.541 o. 245 

UnweiAAted average o.591 

The rate of exploitation was higher for mature males than for females from 

the spawning runs tagged. The rates estimated for fish tagged in Big Lake Creek 

and Turtle River were identical and males were harvested at more than twice the 

rate of females. Chi-square was used to compare observed ratios of tag returns 

annually for each sex to the ratio tagged. The values for Big Lake Creek 

2 . 2 
(X 4df = 27.11) and the Turtle River (X 3df = 44.12) were significant (P<0.01). 

Tagged females from both runs were reported at less than the expected ratio. 

The rates of exploitation for fish tagged in the Mississippi River were 

higher for both sexes than for the other runs. Big Wolf Lake is the most heavily 

fished lake in the system and more than 80% of the walleye tagged in the 
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Mississippi River were caught in Wolf Lake. The higher rate of exploitation 

for females was associated with a smaller average size of females in the spawning 

run (Fig. 3). The size frequency distribution of females among the three runs 

2 differed significantly (X, P(.01). 

The difference between exploitation rates for males and females was not as 

great for Mississippi River fish as for the other runs. The difference in the 

2 
expected ratio of returns was significant (X 2df = 6.97- P<0.05), but this is 

attributed to sampling variation within years since the observed and expected 

ratios for three years combined were nearly identical. 

The rate of exploitation for juvenile fish (Ages II-IV) tagged from trawl 

catches was nearly the same as that for mature males and for females from the 

Mississippi River run. Thus it appears that walleye in the system.are subjected 

to a high rate of exploitation beginning in their third year. 

Age Structure 

The age structure of the walleye harvest changed during the study years. 

The age structure from the three lakes was similar, so data were combined for 

analysis (Table 11). In 1971, the walleye harvest was dependent mostly on 

three age classes. Ages 3 through' 5 contributed 78% of the total catch in 

numbers. In 1972, these age classes made up 75% of the total. 

During the remaining years, 1973-75, the sport fishery was primarily 

dependent on two age classes. In those years walleye age 3 and 4 contributed 

67, 80, and 78% respectively of the total catch in numbers. The relative 

contribution of age 5 walleye was 30.5% in 1971 but averaged only 8.3% for the 

years 1973-75. The relative contribution of walleye age 6 and older declined 

steadily from 19.6% in 1971 to 4.3% in 1975. 

The marked shift to younger fish in the angler harvest apparently resulted 

from a combination of factors. Two strong year-classes (1970 ·and 1971) were 
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Fig. 3. 
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Table 11., Age-class distribution of walleye in the angler's catch expressed as 
a percentage of the total harvest from ca.ss, Andrusia, and Big Wolf 
lakes combined, 1971-1975. 

Estimated 
Year iotal catch 1 2 3 4 5 6 7 8 9 10+ 

1971 30, 281 0.2 2.4 11.9 35.3 30.5 5.1 4.8 2.2 2.5 5.1 
1972 39,386 0.2 9.8 23. 7 32.3 18. 7 4.5 4.3 1.s 1.6 3.4 
1973 45, 166 0.3 8.4 39.4 27.3 8.6 6.9 3.2 1.8 2.5 1.6 
1974 40, 289 0.1 8.9 54.8 25.1 5.4 2.0 1.5 o.9 0.6 0.7 
1975 54,831 0.1 7.1 27.8 50.6 10.0 1.7 1.1 0.6 0@ 7 0.2 

preceded by two relatively weak year-classes (1968 and 1969). Recruitment to 

the sport fishery occurred mainly at ages III and IV and these four year-classes 

were fully recruited while the study was in progress. 

The effect on the sport fishery of recruitment of these year-classes of 

varying strength was estimated using Allen's method (Ricker, 1975). This 

analysis indicated that 7.7% of the walleye in the system were fully recruited 

to the catch by age II, 32.6% by age III, and 88.7% by age IV. 

Table 12. Effects of recruitment on the sport-fishing harvest of walleye and 
on fishing success, Upper Mississippi reservoir lakes, 1971-75 • 

.!!.!! 
1971 1972 1973 1974 1975 

Estimated walleye harvest 30, 281 39,386 45, 166 40, 289 54,831 
Recruits 4,368 11,370 17 ,025 19,373 17 ,057 
Fully recruited 25,913 28,016 28, 141 20,916 37' 774 
% recruits 14.4 28.9 37.7 48.1 31.1 

Catch per man-hour 
Recruits .020 .045 .063 .080 .065 
Fully recruited .117 .111 .104 .086 .143 
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The relative contribution of recruits rose steadily from 1971 through 1974 

and nearly half the walleye catch consisted of n&wly recruited fish in the latter 

year (Table 12). The estimated number of recruits harvested increased· 4.4 times 

during this period. Numbers of fully-recruited walleye harvested annually were 

less variable but were lowest in 1974 and highest in 1975 when the strong 1970 and 

1971 year-classes were fully recruited. An estimated 81% of the increased 

harvests observed from 1972 to 1975 consisted of fish recruited within the season. 

The catch per man-hour of new recruits and fully recruited fish was inversely 

related. 

There were also indications that an increase in the rate of exploitation 

of fully-recruited fish occurred during the study period. Catch curves derived 

from the angler catch and from experimental gillnets had concave right limbs 

(Fig. 4}. Ricker (1975) pointed out that concave right limbs can result either 

from an increase in rate of fishing or a decrease in natural mortality among 

older age groups. The former seems the more plausible explanation for the changes 

observed. The inflexion points on the catch curves suggest that the rate of 

exploitation increased in the early 1970•s. 

The decline in contribution of walleye age VI and older also contributed 

to the shift toward younger fish in the harvest. The absolute number of fish 

age VI and older was reduced by 63% from the first year of study to the last. 

The greatest change occurred between 1973 and 1974. The decline was probably 

partly caused by the weak 1968 and 1969 year-classes but was also evident among 

stronger year-classes hatched before that. The combined effect of the above 

factors resulted in a decline in average weight of walleye harvested from 

1.1 to O~B pounds. 
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Fig. 4. Catch curves for walleye caught by angling and by gillnets, Upper 
Mississippi reservoir lakes, 1971-75. Curves are plotted as 
logarithms of percent frequency and are spaced one log-unit apart. 

RELATIVE OONTRIBurION OF RIVER SPAWNING RUNS 

Assessment of the contribution of the major river spawning runs to walleye 

reproduction in the system was hampered by the inability to estimate the true 

rate of exploitation and to sample the Mississippi River run completely. Lacking 

these data, estimates of the importance of the runs is speculative and depends 

on some assumptions that are, at best, only weakly supported by this study. 

Nevertheless, the runs appear to be important to the system and warrant the 

following analysis despite its speculative nature. 

Most females do not mature before age VI in northern Minnesota. Females 

made up 44% of age.VI and older fish in the river spawning runs. Assuming the 

proportion of females in the harvest of age VI and older fish was the same, the 

average annual harvest of mature females was 2,101. Natural mortality in 



exploited walleye populations is on tho ordor of 5-30% (Ney, 1978); but, natural 

mortalities observed in Minnesota waters have ranged from s ... 22% (Olson 11 1957; 

Smith~ 1977). 

The unweighted average total mortality for females in the spawning runs 

was 0.550. Adjusting this for natural mortality of 5-22% and a 3% loss through 

emigration suggests that the rate of exploitation for mature females was on the 

order of 30-47%. The estimated average population of mature females would then 

be in the range of 4,470 to 7,003. The number of females enumerated in the 

three runs was 1,371 or 19.6 to 30.7% of the estimated average population. 

Numbers in the Turtle River run were similar to those in four of five 

years from 1937 through 1942 and the 1971 run in Big Lake Creek was similar 

to that estimated in the 1930 1 s. If numbers of fish and sex ratios in the 

Mississippi River run have not changed appreciably since the 1928-46 period, an 

average run of females would number 1,336 and the total number in the three runs 

would be 2,582. This would represent 36.9 to 57.8% of the estimated average 

population. 

The average of the high and low values for these runs divided by the 

mid-point of the range in estimated population may be a reasonable estimate of 

the importance of these runs to the system. This suggests that about one-third 

of all spawning females are in these runs, but may be as low as 19.6% or as high 

as 57.8%. 

DISCUSSION 

The Upper Mississippi River reservoir lakes impounded by the Knutson Dam 

are one of the larger groups of walleye lakes on a major river system within 

Minnesota where fish movement is unimpeded by darns. Within this system, there 
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are 10 lakes larger than 600 acres and more than 30 miles of free-flowing rivers. 

Walleye tagged in the study lakes and in spawning runs from these lakes were 

caught throughout the system. 

Intermingling of walleye tagged at various locations was connnon, but most 

tagged fish appeared to be members of relatively discrete populations within 

the study lakes. Adult walleye from stream spawning runs were strongly 

associated with one lake and there was little straying of tagged adults between 

spawning runs in subsequent years. Immature walleye tagged in summer were most 

of ten caught from the lake where they had been tagged. 

A significant portion of the adult population apparently spawns in streams, 

but the contribution of stream spawners to annual recruitment is unknown. The 

presence of strong walleye year-classes from 1970 and 1971 indicates that there 

is no lack of recruitment. Numbers of walleye in the Big Lake Creek and Turtle 

River spawning runs have apparently changed little in 40 years and these streams 

are still assumed to be good spawning areas. Spawning adults still run in the 

Mississippi River despite the apparent lack of reproductive success. Although 

egg drift appeared to be the major cause of egg mortality in the Mississippi River, 

a reduction in the nutrient load entering the river migh~ lead to a significant 

increase in survival of eggs that do settle on suitable substrates. The presence 

of spawners in the Mississippi, despite poor spawning success, may be evidence to· 

support the hypothesis of Olson, et al (1978) that homing behavior of spawning 

walleyes is a learned response. 

Walleye yields were within the range usually observed from Minnesota lakes 

(Carlander, 1977). Annual yields from Cass Lake appeared to vary mainly with 

fishing pressure. Yields from Andrusia and Big Wolf lakes appeared to be more 

closely related to fishing success and thus may be more sensitive to variations 

in recruitment. 
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Amnrnl m()r.t11l tty rateo for wul loyo wore mnong tho hiµ;hont ohaorvod ln 

Minnesota. Voluntary tag returns suggest that n high rate of exploitation by 

angling was the main component of this mortality. The true rate of exploitation 

would be high even if natural mortality was in the upper ranges documented in 

Minnesota. In addition, a gillnet fishery by the Leech Lake Band of Chippewa 

Indians was legally established during the course of this study$ The size of the 

gillnet harvest is unknovm, but it is likely that it consists of a larger 

proportion of mature fish. 

The intensive harvest was probably the main cause of the small size of 

walleye caught. Declines in average size and age of harvest with increased 

fishing pressure have been observed at Lake Winnibigoshish (Johnson and Johnson, 1971) 

and Mille Lacs Lake (Maloney, 1978). At Wilson Lake, the harvest of walleye less 

than 12 inches TL increased eight~fold with a doubling of fishing pressure 

(Johnson, 1976). The fisheries examined in this study were heavily dependent on 

newly recruited year-classes and this will likely continue as long as fishing 

pressure remains high. 

The inverse relationships between catch per man-hour for new recruits and 

fully recruited walleye suggests that recruitment of strong year-classes to a 

sport fishery may be a buff er for harvest of older fish. Strong year-classes may 

thus serve as a compensatory mechanism for maintaining a stable sport fishery 

where exploitation is high. 

Fisheries management in a lake-river complex, such as this, is complicated by 

the opportunity for free interchange of fish. Walleye from Cass Lake contributed 

substantially to all stream spawning runs and passed through the smaller lakes during 

spawning migrations. Cass Lake fish were available to the early season sport fishery 

in the upstream lakes and mature females would be most vulnerable to a gillnet 

fishery during spawning runs. The effects of fisheries management at Gass Lake 
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would likely have a measurable influence on the smaller lakes, though the 

reverse would probably not be true. 

The study lakes can probably continue to produce the walleye yields 

observed in this study so long as good spawning habitat is maintained and 

brood fish are not impeded during spawning migrations. 
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